In this research work, three different reinforcements of Carbon Nano Tubes (in weight %) such as 2%, 3% and 4% were added to the magnesium AZ91D grade magnesium alloy to fabricate the Nanocomposites through stir casting method. The effects of volume percentage on the mechanical, metallurgical and wear behavior were analyzed. The composites with 4% reinforcement show high hardness while the composites with 3% reinforcement show better tensile and yield strength and also an improved wear resistance compared to other. Also, the characterization of the Nanocomposites were made using Optical Microscopy, Scanning Electron Microscopy, Finite Element -Scanning Electron Microscopy and Transmission Electron Microscopy to understand its nature.
Introduction
The aluminum alloys though have shown promise in aeronautical, structural, automotive and naval components yet there is an underlying fact that, if still some improvement would satisfy their needs. Hence, weight reduction is very difficult to be accomplished with only slight improvement in aluminum material development. Therefore, the fabricators are in a greater demand for achieving these properties. There comes the magnesium alloy which has abundant advantages compared to aluminum alloy; but it is very explosive which makes its processing very difficult [1, 2] . Stir casting was proved to be one of the promising routes for producing composites due to its processing capability. Fabricating magnesium composites would also be very challenging because it would provide porosities in the metal. The addition of hard ceramic particles to the parent metal will tend to alter its properties to a great extent [3] [4] [5] [6] . Nano particles reinforced metal matrix composites are developed in order to overcome the difficulties faced through micron reinforced composites for providing better properties to meet the demands. The structure and mechanical characteristics of Nano composite was explained by Mula et al. [7] and found that the properties of the base were enormously increasing than its base properties.
Ahmed et al. [8] evaluated the tribological behavior of cast hybrid composites and justified that their wear properties are found to be better than the monolitihic material. Bakshi et al. [9] explained about the properties of Carbon Nano Tubes (CNT) reinforced Metal Matrix Composites (MMC). The effect on reinforcements on the tribological and mechanical behavior of the magnesium hybrid composites was revealed by Soorya Prakash [10] . Basavarajappa [11] investigated the Al 2219/ SiCp-Gr hybrid MMCs and explained about the impact of sliding distance on wear rate of the composites. Based on the above literatures, it has been identified that the published information regarding the CNT reinforced magnesium composites were not clear. Therefore, the objective of this research is to examine the various factors affecting the process, mechanical, metallurgical and tribological behavior of discontinuously reinforced metal matrix composites. Also, the effects of the compatibility between reinforcement and matrix, and the ensuing interfacial activity on the resulting strength of the MMNCs were addressed in a detailed manner to understand the reinforcement mechanism on the Mg-CNT composites.
The experimental work

Fabrication of CNT reinforced magnesium composites
In this investigation, the magnesium alloy (Base metal) and multi-walled CNT (Reinforcement) were used to produce Metal Matrix Nano Composites (MMNC) using semi-automatic stir casting setup. Stir casting is a liquid phase process in which the ceramic particulates are incorporated into a molten metallic matrix using various proprietary techniques. During the stir casting process, improper processing and mixing of Nano particulates will create wetting, dislocations, geometrical constraints, thermal contraction, plastic deformation and formation of coarse intermetallic compounds in the metal matrix composite. These are the main phenomena that affect the mechanical properties in the composite. Also, the chemical reactivity of Mg is high and is impossible to melt in the atmospheric condition [12] . Therefore, the Sulphur-hexafluoride gas is supplied to create the vacuum in the crucible during the process. The physical properties of the Multi-Walled Carbon Nano Tubes (MWCNTs) were given in Table 1 .
The magnesium is melted with help of electric resistance furnace at a temperature of 700 0 C to reach its melting stage. At the same time, 2% CNT has been added and heated above 800 0 C and mixed by stainless steel stirrer into the molten magnesium liquid state alloy to fabricate the composite. To prevent the oxidation during the process, the Sulphur powder was added while pouring the molten metal in to the die. The same procedure was followed for fabricating 3% and 4% CNT reinforced MMCs. Some difficulties exist with liquid phase processes which include improper agglomeration of the ceramic particulates during agitation, settling of particulates, extensive interfacial reactions, segregation of secondary phases in the metallic matrix and particulate fracture during mechanical agitation. These difficulties can be avoided by controlling the stir casting process parameters to give proper mixing and distribution of reinforcement to the matrix, maintaining the vacuum in the crucible to avoid the oxidation, and appropriate melt infiltration during the casting process. The fabricated Mg Nano composites with stir casting setup are shown in Fig. 1  (a-b) .
Vickers microhardness and tensile test
The ASTM guidelines were followed for preparing the tensile (E8M-04) and microhardness (E384-99E1) specimens. The microhardness specimens were loaded at the rate of 1.5 KN/min in the advanced Vicker's microhardness tester (Model: HMV-T1, Make: SHIMADZU) which is measured with 0.5Kg load at 15 sec dwell time and at this condition, the readings were noted. Then, in order to find out the tensile strength of the fabricated composites, the prepared specimens were loaded at the rate of 1.5KN/min in the electromechanical controlled UTM (Model: Instron-UNITEK-94100; Cap. 0-100KN; Make: FIE-Blue Star) tester. The samples before and after the test were shown in Fig. 1 (c-d) respectively.
Impact test
To evaluate the toughness of the produced magnesium nanocomposites, the charpy specimens were prepared as per the ASTM guidelines [E23-91 (1991b)]. The charpy impact test was conducted at ambient temperature using advanced impact testing machine (Capacity: 300J; Make: ENKAY). The energy absorbed in fracture was clearly noted to identify the toughness of the produced metal matrix composite material.
Wear test
The pin-on-disc testing machine was used to perform the test in ambient temperature with the help of AISI 1040 grade medium carbon steel disc which has a specification of 10 mm in thickness and 55 mm in diameter. The pin having 40 mm in vertical height and 8 mm in diameter specimens was prepared to study the wear rate of the produced MMCs. The tests were taken on metal matrix nanocomposite specimens and parent metal takes place in dry sliding condition in three various loads such as 10N (1kgf), 15N (1.5kgf) and 20N (2kgf) for whole sliding distance of 1500 m at a disc speed of 650 rpm which is constant for all specimens. The linear variable differential transformer was utilized for measuring the length (displacement) of the material at an accuracy of 1 µm at the time of testing and the reduction in height is considered as wear rate of the samples. The coefficient of friction was also recorded while the experiments are being conducted.
Metallurgical test
To ensure the proper dissemination of the reinforcement in the matrix in order to identify its homogeneity, the microstructural characterization was studied by using advanced optical microscopy. The specimens are mechanically polished with the help of automatic disc polishing machine. And then, the specimen was positioned on the observing stage of the microscope (MEIJI-JAPAN/MIL-7100).
Then the microstructure is examined and photographs of microstructure were taken at different magnification to understand the grain boundaries and the corresponding grain structures. The dry sliding wear surface has been analyzed with the help of SEM and FE-SEM to understand the surface morphology of MMC after wear loss in the composites. In order to Table 1 Physical properties of Multi-Walled Carbon Nano Tubes.
Material
Diameter ( ensure the presence of elements inside the MMC, Energy Dispersive X-ray Analysis (EDAX) was carried out. Also, to understand the energy level of the composites, AFM study has been performed. Finally, the Transmission Electron Microscopy (TEM) measurements were carried out for the MMCs for which the samples (powder form) were prepared using ion milling and then viewed at 0.27 nm point resolution at an accelerating voltage of 200KV and at an exposure time of 15s and observed through the high magnification microscope (Make: FEI -NETHERLANDS, Tecnai 20 G2).
Results and discussion
Tensile impact, and microhardness analysis
The mechanical test results show that the strength, toughness and hardness of MMCs are greater than the parent metal. Results from Table 2 show that the mechanical properties have been increased with the increase in volume percentage of MWCNT particulates. The Metal Matrix composite (MMC-1) produced with the reinforcement of MWCNT (2%) average results shows that there has been 13% increase of microhardness and 10% increase of tensile strength from its base metal. The MMC-2 produced with the reinforcement of MWCNT (3%) average results shows that there has been 21% increase of microhardness and 14% increase of tensile strength from its base metal, and the Metal Matrix Composite (MMC-3) produced with the reinforcement of MWCNT (4%) average results shows that there has been 30% increase of microhardness and 12% increase of tensile strength from its base metal.
The formation of coarse intermetallic compounds during consolidation and subsequent processing will reduce the tensile properties of the composite. In this research work, due to the controlled temperature distribution during the adding of CNT Nanoparticle in to the liquid state molten metal, the formation of intermetallic has been drastically reduced and which is confirmed by increased tensile strength in the produced Nanocomposite. The increase in strength of MMCs can be recognized due to the application of tensile load transfer to the bonded multi walled carbon nano tubes in Mg matrix, increased dislocation density near matrix-reinforcement interface and grain refining strengthening effect and the same has been identified by El-Sayed et al. [13] . With increase in weight (in %) of MWCNT, even though their porosity rate will increase, enhancement in strength is only possible if there is good interfacial bond between the matrix and the reinforcements. The decrease of tensile strength for 4% weight (MWCNT reinforced (MMC-3) is due to the result of separation of MWCNT in tensile test specimens. Charpy impact toughness values for all the produced metal matrix composite were determined and their average values are presented in Table 2 . All the tests were conducted at ambient temperature. The mechanical properties of the composites were displayed in Table 2 . The variation in hardness and tensile strength are shown in Fig. 2  (a-b) respectively.
Establishing the relationship between the mechanical properties and the percentage of nano particles (Np)
The percentage of MWCNT particulate reinforced along with tensile strength and hardness of MMC attained from the investigation are correlated as shown in Figs. 3-4 
The slope of the estimated regression equation implies that, if the percentage of CNT increases, the hardness and the tensile strength also increases which clearly shows that the tensile strength and hardness of MMC are having directly proportional relationship with percentage of MWCNT particulate into the Mg AZ91D grade magnesium alloy metal matrix composite.
Tribological analysis
Using pin on disc wear testing machine, the wear rate of the fabricated composites were evaluated to determine the amount of wear loss (in %) for the produced MMC. The specimens were placed in the wear tester and the average of the three results was analyzed. The experiment was carried out at three different loads and for the constant sliding distance. The computerized observation shown in Fig. 5 (c-d) reveals the rate of friction force, the applied load during the test.
Effect of reinforcements
From the Fig. 5 (a) , it can be analyzed that the increase in reinforcement is a decrease in the wear rate; but in 4% reinforcement of CNT, the wear rate again increases which is because upon continuous addition of particulate to the matrix, the localized stresses increase which results in deformation and fracture of the matrix at the time of sliding. It can be concluded that the higher hardness results in reduced wear loss.
Effect of load applied
The variation in load helps to understand the loss of material during metal to metal contact between its interfaces at higher loads. As reported by Fig. 5 (b) , the percentage of wear loss reduces when the percentage of reinforcement to the monolithic metal increases. At 20N force of applied load, the material undergoes more wear due to the forging pressure and friction increasing between two worn surfaces of the metal [14] .
Metallurgical analysis
The microstructural features of the composites are analyzed in order to confirm the dissemination of the reinforcement in the matrix. The excellent features of microstructures are relatively lower porosity in the casting which is an important aspect in cast metal matrix composites.
The optical micrographs of nanocomposites show the dendritic cast structure consisting of CNT particles in a eutectic matrix than the unreinforced magnesium alloy and increasingly refined microstructural features from the observation. Fig. 6 (b-d) represents the optical microscopic view of the stir casted CNT reinforced magnesium MMC which shows the distribution of particulates are relatively homogenous and are without any defects. Fig. 6 (a) shows the optical micrograph of the parent metal. The porous occurred during fabricating the composites are also displayed in Fig. 6 (e-f) respectively.
Worn and impact surface morphology analysis by SEM and FE-SEM
The SEM and FE-SEM analysis for the fabricated composites were analyzed to understand the mode of failure occurring in the produced composites and it is displayed in Fig. 7 (a-f) respectively. It can be understood that the abrasion and delamination are commonly observed in the wear sample as reported by Gurcan et al. [15] . The MMC 1 sample exhibits brittle mode fracture due to the reduced fracture toughness. The MMC 2 sample shows ductile mode of fracture due to the increased tensile strength. Measurement of the bond strength on the basis of ductile fracture involves establishing the local stress state during plastic deformation and Agitation during processing is necessary to disrupt contamination films and adsorbed layers to enable interfacial bonding. The produced Nanocomposite was examined for voids, fissures and separation between CNT-Mg matrix with help of SEM and it was confirmed that there is no voids and separation in the Nanocomposite. Therefore, a strong bond and excellent ''wetting" between the matrix and the reinforcement is achieved by utilizing correct processing temperatures (T > 700 o c) and other parameters. The drawbacks of melt infiltration process include reinforcement damage, microstructural non-uniformity, preform compression, coarse grain size, interaction between reinforcement and matrix are negligible in the MMNC which is confirmed by mechanical and metallurgical testing.
The basic three factors that lead to a brittle and cleavage mode of fracture are (i) a high strain rate or rapid rate of loading (ii) a low temperature and, (iii) the triaxial state of stress. All of the above mentioned factors need not to exist spontaneously to induce brittle fracture in composite [16] . Many types of impact tests were used to determine the exposure of materials to brittlecleavage behavior and therefore at a high loading rate, these effects are emphasized. The standard Charpy V-notch sample is thick enough to confirm a high degree of plane strain loading and triaxiality across almost all of the notched cross section and it also provides a test for cleavage and brittle fracture (Rolfe and Barsom) [17] evidently it is also obtained in the produced MMC. The key measurement from the toughness test is the energy absorbed in fracturing the specimen. The impact fracture surface of the composites from the Fig. 8 (a-b) clearly reveals ductile mode of fracture and the evident of MWCNT has also been observed.
The atomic force measurement (AFM) analysis
The wear surface topography and roughness of different composite materials containing carbon nanotubes has been analyzed in this investigation to examine the surface roughness. The values of measured AFM roughness parameters were satisfying and showed relatively low surface roughness for the produced composite and have been shown in Fig. 9 (a-d) .
However, the composite reinforced with 2% of CNT created smoother surfaces of the samples, by sweeping the lines and grooves, leaving only a few new, hole-like defects of the surface by erasing the scratched topography and leaving only sporadic deep grooves. Analyzing these, it can be concluded that the CNT in the material composition have the major role in the final surface quality. When the reinforcement in the composite increase, the surface roughness also increases in the composite.
Energy dispersive X-ray analysis (EDAX)
Energy-dispersive spectrometer is an equipment utilized to understand the substance present inside the metal under scanning electron microscope. Wetting is very challenging to achieve in molten metal-CNT systems due to high surface tension generally associated with molten metals. In this work, the thermal treatment of ceramic particulates has been controlled to enhance the wetting in MMCs through desorption of adsorbed gases from the ceramic surfaces. Also, the presence of interfacial reactions was studied by evaluating the relative concentration of CNT and Magnesium across the CNT-matrix interface by scanning electron microscope with EDAX. The energy of the X-rays discharged from a sample are measured by EDAX and the dispersal of the various elements constituting the sample can be found and X-ray data is also processed to attain the proportion of each measured element existing inside the specific particles. The SEM-EDAX is used to acquire the morphological data of the sample surface and identification of chemical composition [18] . The Energy Dispersive X-ray Analysis confirmed the presence of Mg, Zn, K, C and Al elements in the produced metal matrix composite Fig. 10. 
TEM analysis
The TEM analysis has been carried out for the fabricated composites which allow a qualitative evaluation of the internal structure and spatial distribution of the various phases through direct visualization. Although TEM represents a powerful tool for the characterization of nanocomposites, problems concerning tedious sample preparation [19] [20] [21] [22] .
In order to better assess the modification of any composite structure, electron diffraction patterns (ED) of the sample have been analyzed to understand the formation of flocculated structures and also the occurrence of intercalated and exfoliated nanocomposites which is represented in Fig. 11 (a) . The carved paths created by the CNT nanoparticles are clearly distinguishable. High resolution TEM (HRTEM) micrograph of a CNT nanoparticle was represented in Fig. 11 (b) .
In general, Al and Mg alloys possess better properties due to its high strength and less weight but adding reinforcement in this matrix will cause many defects which results in failure of the composites. The settlement of reinforcement into the matrix is a major area of concern in liquid processing techniques since the contact angle between the particulate and matrix during agitation will have a major influence on the properties of corresponding MMCs. Many studies proved that the micron sized reinforcements fail to form a uniform distribution throughout the matrix alloy which made the researchers to shift into Nano reinforcements wherein the results reveal that there was only a certain level of improvement in the properties. But incorporation of CNT into the matrix enhances the properties to a greater extent which is possible due to the higher elongation of CNT particulates of nearly 18% and its high soluble nature. The results obtained revealed that the MWCNTs state is maintained in the composite. Also there is no damage occurred for the carbon nano tubes used in the composites and as a result, grain refinement occurs during the fabrication process due to the continuous stirring and heating.
Conclusion
Based on the above investigation, the conclusions have been given: ► The metal matrix composites with varying percentage of reinforcements are successfully fabricated by using Stir casting method and the influence of CNT in mechanical properties are studied ► The metal matrix composite comprising of Mg+ CNT 4% exhibits higher hardness than the base metal and composite and Mg +CNT 3% exhibits the higher tensile strength and impact toughness than the other composites ► The MMC with CNT 3% shows better wear properties compared to the base metal properties and it shows ductile mode of fracture due to the increased tensile strength than the other composites ► The optical micrographs of metal matrix composites show the dendritic cast structure consisting of CNT particles in a eutectic matrix than the unreinforced magnesium alloy with less porosity ► The grain refinement occurs during the fabrication process due to the continuous stirring and heating. ► The composite reinforced with 2% of CNT created smoother surfaces than the other composite ► The EDAX analysis confirmed the presence of Mg, Zn, K, C and Al elements in the produced metal matrix composite ► The tensile strength and hardness of MMC are having directly proportional relationship with percentage of MWCNT particulate into the Mg AZ91D grade magnesium alloy metal matrix Nanocomposite ► The TEM analysis clearly reveals the homogenous distribution of the CNT particles in the matrix phase.
